ABSTRACT: Nine stations were sampled across the St. Lawrence estuarine transition zone (ETZ) in summer 2006 in order to investigate the variability in Eurytemora affinis growth condition, as revealed by RNA:DNA ratios, and its relationship to the nutritional quality of seston, expressed in terms of fatty acid (FA) composition. The population of E. affinis in the St. Lawrence ETZ was under the influence of brackish waters, as well as fresh and saline waters landwards and seawards of the frontal mixing zone, respectively. The RNA:DNA ratio for E. affinis throughout the ETZ ranged from 2.14 to 23.01, with an average value of 10.30 ± 4.35. When compared with the previously reported RNA:DNA ratio for copepods under optimal growth conditions, our values suggest that the summertime population of E. affinis in the St. Lawrence ETZ was in good growth condition. The hydrodynamic imprint within the St. Lawrence ETZ translated into the distribution pattern of seston having various FA compositions. Freshwater seston was of better nutritional quality (i.e. richer in essential fatty acids) than that from brackish and more saline waters. However, this did not translate into a significantly different E. affinis RNA:DNA ratio between the 3 types of waters. Yet, the growth condition of E. affinis under the influence of fairly stable fresh waters was associated with the relative abundance of 20:5n3-rich seston advected from upstream despite the low contribution of chl a to total suspended particulate matter. Moreover, a comparison between seston and zooplankton FA composition revealed the potential trophic transfer of diatom-related FA from producers to consumers within fresh waters. No such correlations were evidenced within the most dynamic parts of the ETZ (brackish and more saline waters) where the relationship between E. affinis growth condition and seston quality was likely constrained by a spatial-temporal decoupling between seston and zooplankton.
INTRODUCTION
The St. Lawrence River is one of the largest lotic ecosystems on Earth, connecting the Great Lakes with the North Atlantic Ocean. Understanding the ecological structure and function of such large riverine systems has been the goal of many investigations and has led to the formulation of several conceptual models in the past 30 yr, from the River Continuum Concept (Vannote et al. 1980 ) to the Riverine Ecosystem Synthesis (Thorp et al. 2006) . While these models are useful tools for understanding the flow of matter and energy through the riverine part, sensu stricto, of lotic systems, little is known about how connectivity (Pringle 2003) operates at the downstream edge of rivers where fresh and saltwaters meet at the estuarine frontal zone.
The St. Lawrence estuarine transition zone (ETZ) is of paramount importance in terms of biogeochemical interactions between continental waters and the ocean. Particularly, the ETZ is recognized as a site of high biological production (Vincent & Dodson 1999) where maximal concentrations of chlorophyll a (chl a) (Frenette et al. 1995 , Vincent et al. 1996 as well as high abundances of bacteria and protists (Frenette et al. 1995) , zooplankton (Bousfield et al. 1975 , Winkler et al. 2003 and anadromous fish larvae (Laprise & Dodson 1989) have been reported.
The zooplankton assemblage in the St. Lawrence ETZ is dominated by Eurytemora affinis. This calanoid copepod plays an important role in the trophic dynamics of the St. Lawrence upper estuary where it feeds on phytoplankton (Winkler et al. 2003) , mainly freshwater species advected from upstream (Lapierre & Frenette 2008) , as well as on aggregates and attached bacteria (Zimmermann-Timm 2002 , Martineau et al. 2004 ). E. affinis is amongst the major prey items for anadromous fish larvae (Winkler et al. 2003 , Barnard et al. 2006 , such as Microgadus tomcod and Osmerus mordax, which may colonize downstream environments later in their ontogenic cycle. Given its key trophic position within the St. Lawrence ETZ, E. affinis may therefore be considered an important regulator of the biological connectivity between the St. Lawrence River and the ocean.
Within this connectivity context, it is still unclear whether the high abundance of E. affinis in the St. Lawrence ETZ is related to passive or active processes. On the one hand, the St. Lawrence ETZ has been described as a 'graveyard' of fresh and marine zooplankton passively advected with the 2-layer estuarine circulation, retained by the hydrodynamic entrapment, and killed by the adverse physical and chemical conditions (Bousfield et al. 1975) . On the other hand, Simons et al. (2006) emphasize the importance of tidal vertical migrations (TVM), which may be used by E. affinis as a strategy to maintain its population in the St. Lawrence ETZ. By using TVM, E. affinis would optimize its utilization of the 2-layer estuarine circulation and avoid flushing by surface currents. E. affinis may also have developed growth strategies as trade-offs to maximize fitness (Devreker et al. 2008 ) and maintain actively growing populations in highly dynamic environments such as estuaries. Characterizing E. affinis growth within the St. Lawrence ETZ would shed light on the question of whether the high abundance of E. affinis in the St. Lawrence ETZ is related to passive or active processes.
The ratio of ribonucleic acid (RNA) to deoxyribonucleic acid (DNA) has proven to be a useful tool for the determination of short-term growth of various zooplankton organisms (Saiz et al. 1998 , Wagner et al. 1998 , Vrede et al. 2002 , Chícharo & Chícharo 2008 . This method offers the advantage of responding rapidly (e.g. within 5 h in freshwater daphniids; Vrede et al. 2002) to changes in environmental conditions. As the hydrodynamic variability in the St. Lawrence upper estuary is mostly related to the semidiurnal tidal cycle (Bourgault 2001) , E. affinis in the ETZ can experience variations in their surrounding environment every ~6 h. Therefore, using the RNA:DNA ratio is particularly relevant to quantify relatively short-term growth processes of E. affinis at a local scale, since the temporal response of animals could match the frequency at which environmental variations in the St. Lawrence ETZ occur.
Zooplankton growth is influenced by various factors, among which food quality can be of more relevance than food quantity (Koski et al. 1998 , Andersen et al. 2007 ). This important influence of food quality on zooplankton growth is likely to occur in the St. Lawrence ETZ where the bulk particulate organic matter (POM) is largely composed of detritus of poor nutritional quality and where primary consumers feed selectively on phytoplankton despite its low contribution to total POM (Martineau et al. 2004) . Polyunsaturated fatty acids (PUFA), particularly eicosapentaenoic acid (20:5n3) and docosahexaenoic acid (22:6n3), are a key factor in food quality, affecting the growth and reproduction of zooplankton as well as trophic transfer efficiency in aquatic food webs (Müller-Navarra et al. 2000 , Kainz et al. 2004 , Kattner et al. 2007 ). Tide-driven changes in the St. Lawrence ETZ hydrodynamics may control the distribution of available seston rich in essential fatty acids (EFA) and its availability as high quality food for E. affinis.
Within this framework, the main objectives of our study were (1) to characterize the variability in E. affinis growth condition across the St. Lawrence ETZ, using the RNA:DNA ratio as a biochemical indicator of copepod growth, (2) to investigate the relationship between E. affinis growth condition and the nutritional quality of the seston, evaluated in terms of its fatty acid (FA) composition and (3) to assess the potential trophic transfer of EFA from producer to consumer, by relating the FA composition of E. affinis to that of the seston. It is hypothesized that tide-driven hydrodynamics in the St. Lawrence ETZ influences the distribution of EFArich seston, which translates into varying growth conditions of E. affinis across the ETZ.
MATERIALS AND METHODS
Sampling. Sampling was carried out from 12 to 15 August 2006 aboard the RV 'Lampsilis' from the Université du Québec à Trois-Rivières. Nine stations were sampled from Québec City to downstream of Île-aux-Coudres, Canada (Fig. 1, Table 1 ). On 14 August, additional sampling was carried out at Stns 46 and 48 during each phase of the tidal cycle, i.e. flood tide (FT), high waters (HW), ebb tide (ET), and low waters (LW).
Water samples were collected using an 8 l GO-FLO water sampler (Model 1080; General Oceanics) at 1 m below the surface and at a depth ranging from 3 to 37 m above the bottom depending on the station (Table 1) . Turbidity, temperature, and salinity were measured at the same depths using profiles conducted with a YSI 6600 EDS-M sensor array (Yellow Spring Instruments). Subsamples for subsequent analyses were drawn from the GO-FLO bottles into acid-washed polyethylene bottles.
Subsamples were filtered (chl a measurements: 25 mm Millipore GF/F, nominal pore size 0.7 mm; seston FA determination: 45 mm Millipore GF/F precombusted for 4.5 h at 500°C) and filters were then kept at -80°C until analysis in the laboratory.
Zooplankton samples were collected using a conical net (1 m mouth opening, 150 µm mesh size) hauled horizontally at the same depths as those for water sample collection. Samples collected with the net were filtered onto a 500 µm mesh. The material retained on that mesh was poured into plastic jars, immediately frozen with liquid nitrogen, and stored onboard at -80°C until further biochemical analysis in the laboratory. Once in the lab, all manipulations where conducted in a cool room at 2 to 3°C where the frozen zooplankton samples were allowed to thaw gently and were then immediately placed into a Petri dish and sorted on ice under a binocular microscope. Analyses. Chl a and phaeopigment concentrations were measured with a Turner Designs 10-005R fluorometer, after sonication and 24 h extraction in 90% acetone at 4°C in the dark (Parsons et al. 1984) .
RNA:DNA ratios were determined according to Kyle et al. (2003) . Briefly, nucleic acids were extracted from duplicated pools of 7 copepods homogenized in a solution of N-lauroylsarcosine (0.1% final conc.; SigmaAldrich ® ) in Tris buffer (10 mM Tris, 1 mM Na EDTA, pH 7.5; Molecular Probes ® ). Aliquots of the extract were distributed into three 96-well microplates. Nuclease-free water was added to Plate 1 (control), whereas nucleases were added to Plates 2 (RNase) and 3 (RNase + DNase). Nucleic acids were stained using the cyanine base fluorescent dye RiboGreen™ (Molecular Probes), which binds non-specifically to nitrogenous bases of nucleic acids. RNA and DNA concentrations were determined from fluorescence readings (530 nm excitation, 590 nm emission filters) using a Varian™ Cary Eclipse Fluorescence spectrophotometer. Readings of Plates 1 (DNA + RNA conc.) and 2 (DNA conc.) were corrected for background fluorescence (Plate 3). RNA concentrations were then determined by subtracting the corrected fluorescence from Plate 2 from that of Plate 1.
Lipid extractions and FA analyses were performed on pools of 100 copepods following the protocol described by Hebert et al. (2009) . Briefly, zooplankton samples were freeze-dried and weighted prior to FA analysis. Fatty acid methyl esters (FAME) were obtained by lipid extraction in chloroform:methanol (2:1 v/v), transesterification, and quantification using a capillary gas chromatograph (Agilent 6890N) coupled with a flame ionization detector. A 37-component FAME standard (Supelco no. 47885-U) was used to identify and quantify FAME in the samples by comparing their retention times to those of the FAME standard. Results are reported as concentrations (µg FAME mg -1 dry weight of tissue extracted) and as percentage values of identified total FA. The same protocol was applied for the seston samples.
Arachidonic acid (20:4n6), eicosapentaenoic acid (20:5n3), and docosahexaenoic acid (22:6n3) were designated as EFAs. Linoleic acid (18:2n6) and α-linolenic acid (18:3n3) were also considered as potential EFAs, as they can be converted to 20:4n6 and 20:5n3, respectively, when the 2 latter EFAs are in short supply (Kainz et al. 2004) . Moreover, on the basis of the FA composition, a variety of ratios were determined as potential trophic markers to obtain information on the phytoplankton contribution to the seston and the feeding behaviour of copepods. The ratio of polyunsaturated FAs (PUFA) to saturated FAs (SAFA) was considered as a marker of the relative importance of phytoplankton versus detritus, the ratio of 16:1n7 to 16:0 was used to discriminate between diatom versus phytoflagellate, and the ratio of the n3 and n6 PUFA fractions was utilized as an indicator of the nutritive value of the seston (Biandolino et al. 2008 and references therein). Finally, the ratio of chl a to suspended particulate matter (SPM) was calculated after deriving the SPM concentration from turbidity measurements following the procedure of Pfannkuche & Schmidt (2003) .
Data analyses. Data analyses were performed using the R graphical and statistical computing environment (www.r-project.org). Data were checked for normality and, when needed, transformation of the original data was applied using a power function. The index of power transformation was adjusted by computing normal Quantile/Quantile plots and Shapiro-Wilks normality tests. Results are presented as mean ± SD when applicable. The differences between the mean values of 2 sets of data were analysed using Student's t-test. A one-way analysis of variance (ANOVA) was used when 3 or more sets of data were compared and was followed by the Tukey's post-hoc test when a significant difference was detected. Correlation matrixes were calculated in order to relate the variability in RNA:DNA ratio to abiotic (temperature, salinity, turbidity) and biotic (chl a, phaeopigments, FA composition of seston and zooplankton) variables. A multiple linear regression analysis was used in order to relate the RNA:DNA ratio of Eurytemora spp. to several independent variables and to check for multicollinearity between them. Linear correlation analyses were also used to investigate the trophic transfer of FAs from seston to zooplankton. A clustering analysis (K-means method) was also performed, using the SAS JMP ® statistical software, in order to discriminate the sampling stations into different groups, based on temperature and salinity data. These 2 abiotic variables were selected, as they are the imprint of the tide-driven hydrodynamics in the ETZ where cold and saline waters mix with fresh and relatively warmer waters.
RESULTS
The clustering analysis, based on temperature and salinity, allowed for the discrimination of the sampling stations into 3 groups (Fig. 2, Table 2 ) fairly well related to the hydrodynamics in the St. Lawrence ETZ (Bourgault 2001 , Simons et al. 2006 . Group A (Stns 43, 45, 46 and 47) was characterized by the downstream flow of fresh waters with stable temperatures, low turbidity and peak concentrations in chl a. Group C (Stns 50, 51 and 52) was characteristic of the tidal upstream flow of saline and cold waters with low turbidity. Group B (Stns 48 and 49) corresponded to highly turbid brackish waters with stable temperatures slightly colder than those of Group A and located in the mixing zone of the 2 other water masses. Due to the Coriolis force, the mixing zone extended farther upstream on the north shore (Stn 48) and downstream on the south shore (Stn 49).
The pattern of spatial variability in the RNA:DNA ratio of Eurytemora spp. across the St. Lawrence ETZ is presented in Fig. 3 . The RNA:DNA ratio ranged from 2.14 (Stn 45 at surface) to 23.01 (Stn 48 at depth during flood tide), with an average value throughout the ETZ of 10.30 ± 4.35. The RNA:DNA ratios at the surface were not significantly different from those at depth, except at Stns 45 and 49, and at Stn 46 during ebb tide and Stn 48 during high and low waters (Student's t-test, p < 0.05). The average RNA:DNA ratio was not significantly different (1-way ANOVA; p < 0.01) between fresh (Group A), brackish (Group B) and saline (Group C) waters (Tables 2 & 4) .
The average FA composition of the seston for each group of stations is presented in Table 3 . Within fresh waters (Group A), the most abundant FAs were 16:0, 16:1n7 and 20:5n3 (22, 15 and 12% of identified FA, respectively). The percent FA composition of seston from brackish waters (Group B) was dominated by 16:0, 18:0 and 16:1n7, whereas 16:0, 18:0 and 18:1n9 dominated the seston from saline waters (Group C). The seston from fresh waters was significantly richer in 16:1n7, 18:2n6, 18:3n3, 20:5n3 (1-way ANOVA; p < 0.01) and 22:6n3 (1-way ANOVA; p < 0.05) than seston from brackish and saline waters (Table 4) . Moreover, the 16:1n7/16:0, ∑n3:∑n6, ∑PUFA:∑SAFA and chl a:SPM ratios were significantly higher in fresh waters (1-way ANOVA; p < 0.01) than in brackish and saline waters (Table 4) .
Throughout the St. Lawrence ETZ, the Eurytemora RNA:DNA ratio was not significantly correlated to any of the other abiotic and biotic variables measured (Pearson's product-moment correlations; p > 0.05). Within fresh waters (Group A), the RNA:DNA ratio was not sig- nificantly correlated to any abiotic variables nor to seston FA concentrations (Pearson's product-moment correlations; p > 0.05). However, the Eurytemora RNA:DNA ratio within Group A was significantly correlated to the concentration of chl a (Pearson's product-moment correlation; r 2 = 0.63, p < 0.01) and to the percent contributions of 20:5n3 (r 2 = 0.63, p < 0.01), 16:1n7 (r 2 = 0.62, p < 0.01) and n3 FAs (r 2 = 0.58, p < 0.01) to total FA composition (Fig. 4) . A multiple linear regression analysis was performed in order to relate the Eurytemora RNA:DNA ratio within Group A to seston chl a concentration, %20:5n3 and %16:1n7 and to check for multicollinearity between independent variables. Although each of the 3 independent variables had a significant (p < 0.01) zero-order correlation with the copepod RNA:DNA ratio, only %20:5n3 had significant partial effects (p < 0.05) in the full model, which was able to account for 61% of the variance in the copepod RNA:DNA ratio within Group A (F 9 = 10.77, p < 0.01). Variance inflation factors for chl a, %20:5n3 and %16:1n7 within Group A were 2.77, 2.39 and 4.14, respectively, suggesting that there was no multicollinearity between these 3 independent variables within fresh waters. Within brackish (Group B) and saline (Group C) waters, the RNA:DNA ratio was correlated neither to abiotic variables nor to seston FA composition (Pearson's productmoment correlation; p > 0.05).
Eurytemora FA composition was not significantly correlated to that of the seston throughout the St. Lawrence ETZ (Pearson's product-moment correlations; p > 0.05). Within fresh waters (Group A), the concentrations of 20:5n3, 16:1n7 and total n3 FAs in Eurytemora were significantly correlated to those in the seston (r 2 = 0. and 0.32, respectively; p < 0.05) (Fig. 5) . However, within Group A, the relative (%) FA content of Eurytemora was not significantly correlated to that in the seston (p > 0.05). No significant correlations were found between the FA composition of seston and that of zooplankton within brackish (Group B) and saline (Group C) waters (Pearson's product-moment correlation; p > 0.05).
DISCUSSION

RNA:DNA ratio and growth condition of Eurytemora affinis
On an individual basis, DNA per somatic cell is assumed to be constant in sexually mature adults so that the RNA: DNA ratio can be related to the magnitude of RNA transcription, protein synthesis and hence growth. Yet, the RNA: DNA ratios reported in our study are relative to a pool of 7 individuals and consequently represent average values for the population of E. affinis in the St. Lawrence ETZ. In this context, the variability in RNA:DNA ratios may be related either to a population with variable DNA but constant RNA concentrations (i.e. population composed of individuals of different body sizes with fairly constant growth) or to a population with variable RNA but constant DNA concentrations (i.e. population of growing individuals of similar body sizes) or to a population with covariation in DNA and RNA concentrations. In our study, the RNA:DNA ratio was significantly correlated to RNA concentration (r 2 = 0.61, p < 0.01) but not to that of DNA (p > 0.05), and the size of the copepods collected in our study was relatively constant (see 'Materials and methods'). Together, these results suggest that the variability in RNA:DNA ratio was likely related to variable growth conditions of the population of E. affinis across the St. Lawrence ETZ.
The average RNA:DNA ratio of 10.30 ± 4.35 reported for E. affinis in our study is about 3 times higher than the maximal value of ~3.5 measured for the same species in the northern Baltic proper during the spring phytoplankton bloom (Gorokhova et al. 2007 ). Yet, our RNA:DNA average value is in fairly good agreement with a previous study reporting RNA:DNA ratio for other calanoid species under optimal nutritional and growth conditions. Speekman et al. (2007) reported RNA:DNA ratios for Acartia tonsa of up to 14, in laboratory experiments, when fed on the EFA-rich Thalassiosira sp. Similarly, RNA:DNA values of up to 8 were reported for females of Calanus finmarchicus under excess-food conditions (Wagner et al. 2001 Table 4 . One-way ANOVA (and Tukey's post-hoc test) comparing the quality of seston (expressed as its concentration in selected fatty acid and its chl a:SPM ratio) and the RNA:DNA ratio of Eurytemora affinis between each of the 3 groups of stations (A, B and C) discriminated by means of the clustering analysis. ∑n3 and ∑n6, sum of omega-3 and omega-6 fatty acids, respectively; PUFA, polyunsaturated fatty acids; SAFA, saturated fatty acids; SPM, suspended particulate matter. **p < 0.01; *p < 0.05 population under low growth conditions. However, the presence of numerous ovigerous females carrying spermatophores, observed during the sorting of our samples, likely indicates that the summertime population of E. affinis within the ETZ was in growth condition good enough to allow for the allocation of energy towards reproduction.
Variability in the nutritional quality of seston and effect on copepod growth
The hydrodynamic imprint within the St. Lawrence ETZ translated into the distribution pattern of seston having various FA compositions. Indeed, apart from 16:0, which was the dominant FA in all groups, freshwater seston (Group A) was relatively rich in 20:5n3 and 16:1n7, i.e. 2 potential biomarkers of diatoms (Dalsgaard et al. 2003 , Brett et al. 2009 ). Seston in saline waters (Group C) was relatively rich in 18:0 and 18:1n9, i.e. 2 dominant FAs different from those found in fresh waters and potential markers for detrital material (Søreide et al. 2008) . Finally, the seston from brackish waters (Group B) integrated the signal of hydrodynamic mixing and was mainly composed of 16:1n7 and 18:0, dominant FAs in fresh and saline waters, respectively. Comparatively, Lapierre & Frenette (2008) reported the percent occurrences of the major phytoplankton genera sampled in summer 2006 in the St. Lawrence ETZ at Stns 46 (freshwaters), 48 (brackish waters) and 50 (saline waters). Diatoms and cyanophytes dominated the phytoplankton community structure at all sites, but no distinct longitudinal pattern was evidenced throughout the ETZ, as the abundance of diatoms and cyanophytes did not show any significant variations from Stns 46 to 50. The lack of a clear distinction in the dominant phytoplankton genera between the 3 groups of stations compared with the information provided with the seston FA composition may be attributed to the fact that chl a contributed a small fraction to total SPM throughout most of the St. Lawrence ETZ (Table 2 ) so that phytoplankton FA was probably a minor component of total seston FA.
The higher concentrations of EFAs and higher 16:1n7/16:0, ∑n3:∑n6, ∑PUFA:∑SAFA and chl a:SPM ratios in the seston from Group A compared with those within Groups B and C suggest that freshwater seston was of better nutritional quality than that from brackish and saline waters. Interestingly, on the basis of sulfur-stable isotopic ratios from planktonic algae, Lapierre & Frenette (2008) reported that high concentrations in chl a within the St. Lawrence ETZ are related to the advection and retention of freshwater algae (mainly diatoms and cyanophyceae) rather than to in situ primary production. In the context of hydrological connectivity within the St. Lawrence River, the ETZ may therefore be viewed as a receptacle in which seston of high nutritional quality, mostly associated with freshwater diatoms advected from upstream, mixes with seston of lower quality originating from the tidal flow of saline waters. Yet, the imprint of the variable quality of seston did not translate into differential growth conditions for E. affinis across the St. Lawrence ETZ, as no significant differences in the average RNA: DNA ratio were evidenced between fresh, brackish and saline waters.
Despite the lack of inter-group differences in E. affinis growth across the St. Lawrence ETZ, the variability in RNA:DNA ratio of E. affinis within Group A was related to that of seston quality. Previous studies have related copepod growth to temperature (Katona 1970, and methods' for details) Lee et al. 2003) as well as food availability (Klein Breteler et al. 1982 , Barthel 1983 ) and quality (Koski et al. 1998 , Andersen et al. 2007 . Temperature is recognized as the dominant factor influencing copepod growth under adequate food supplies; conversely, when the temperature range is narrow, food becomes the predominant determining factor for growth (Chí-charo & Chícharo 2008 and references therein). Coherently, within Group A, temperature was fairly constant, and the zooplankton RNA:DNA ratio was significantly correlated to seston chl a, %20:5n3 and %16:1n7. The multiple regression analysis between the Eurytemora spp. RNA:DNA ratio and seston chl a, %20:5n3 and %16:1n7 revealed the lack of multicollinearity between chl a and seston FA and highlighted the importance of high quality food, particularly 20:5n3-rich seston, rather than food quantity (i.e. chl a) for E. affinis growth. This is also consistent with the fact that E. affinis growth was correlated to the relative FA content of seston but not to its FA concentration. E. affinis is an omnivorous suspension feeder, able to feed on a large particle spectra including algae, protozoa, bacteria, and detritus within the size range of 1 to 60 µm (Andersen & Nielsen 1997) . Throughout the St. Lawrence ETZ, chl a contributed a small fraction to total SPM (Table 2) , and turbidity was significantly correlated to the concentration of phaeopigments (r 2 = 0.88, p < 0.01) but not to that of chl a, emphasising the importance of detrital organic matter. However, zooplankton in the St. Lawrence ETZ is able to feed selectively on phytoplankton despite its low contribution to total POM (Martineau et al. 2004) . Finally, the lack of relationship between %20:5n3 and %16:1n7 in the seston and that in zooplankton may be related to quasi-homeostatic FA composition responses of crustacean zooplankton to dietary FA availability (Brett et al. 2009 ). Yet, the significant relationships between 20:5n3 and 16:1n7 concentrations in the seston and those in zooplankton point toward the potential trophic transfer of these 2 FAs from diatoms to zooplankton. Our results are coherent with those of Müller-Navarra et al. (2000) , which demonstrated that 20:5n3 is a good predictor of carbon transfer between planktonic primary producers and consumers in freshwater ecosystems. Our results also suggest that, even in systems with large amounts of detrital carbon from a variety of sources, nutritional factors associated with phytoplankton can be dominant in influencing zooplankton growth, as previously reported for Daphnia in the Sacramento River Tidal System (Müller-Solger et al. 2002) .
Apparent decoupling between seston FA composition and zooplankton growth within the ETZ
In contrast with what has been shown within fresh waters, the lack of a relationship between the E. affinis RNA:DNA ratio and seston quality as well as between the FA composition of seston and that of the copepods within brackish and saline waters of the St. Lawrence ETZ suggests that E. affinis growth was not directly associated with seston of the locations inhabited by the copepods at discrete times. This uncoupling may be associated with various factors including TVMs, time-delay in zooplankton growth response to environmental variability, osmoregulatory processes and genetic diversity of E. affinis within the St. Lawrence ETZ. Zooplankton can use TVM to take advantage of the 2-layer estuarine circulation and maintain their position in the estuary by swimming downwards to the bottom on ebb tide and by migrating (or being resuspended) upwards to the surface on flood tide (Devreker et al. 2008) . Modelling studies (Simons et al. 2006) have demonstrated that TVM is an efficient mechanism for zooplankton retention in the St. Lawrence ETZ, although this has yet to be demonstrated in situ. TVM could have resulted in a spatial decoupling between zooplankton and seston so that the RNA:DNA ratio of zooplankton sampled at a given station could integrate the signal of feeding on some seston of different quality at a different location in the ETZ where they stood before migrating along with the tidal cycle.
We have considered the RNA:DNA ratio as an index of copepod growth, assuming a time-response of this ratio of 5 h, as reported for Daphnia galatea at 16.5°C (Vrede et al. 2002) . However, the time-response of the RNA: DNA ratio may be slower in Eurytemora than in Daphnia owing to lower growth rates and longer generation times of copepods than those of cladocerans (Becker et al. 2004 ). This may have led to a temporal decoupling between zooplankton and seston, so that the RNA:DNA ratio of zooplankton sampled at a given station could instead integrate the signal of an earlier feeding episode on some other seston of different quality.
So far, the RNA:DNA ratio has been used as a proxy for copepod growth in relatively stable environments in terms of salinity. Yet, the St. Lawrence ETZ is characterized by a large salinity gradient where Eurytemora may experience osmoregulation (Gonzales & Bradley 1994) . E. affinis can modify protein synthesis as an efficient short-term adaptation to salinity (Kimmel & Bradley 2001) and acclimate to salinity changes in less than 12 h (Roddie et al. 1984) . This is particularly relevant given the semidiurnal pattern of tidedriven changes in salinity in the St. Lawrence middle estuary. Therefore, throughout the St. Lawrence ETZ, the variability in Eurytemora RNA:DNA ratio may not only express the signal of variable growth conditions but may also integrate that of protein synthesis in response to salinity stress. Finally, Winkler et al. (2008) revealed the coexistence of 2 morphologically identical but genetically distinct clades of E. affinis within the St. Lawrence ETZ. The non-invasive North Atlantic clade primarily occupies the variable brackish waters of the central portion of the St. Lawrence Middle Estuary (Group B), whereas the Atlantic clade invaded the more stable fresh waters of the upstream reaches of the estuary (Group A). These 2 clades of E. affinis are exposed to different salinity stresses and may have developed different physiological responses in terms of osmoregulation which may affect the RNA:DNA ratio signal, as mentioned above.
CONCLUSIONS
Understanding the factors responsible for the variability in copepod growth and production rates within estuaries is paramount in regard to both their crucial position in the trophic food web and their key role in supporting very productive fish nurseries. This study is the first to simultaneously examine the in situ growth condition of Eurytemora affinis and its relation to seston FA composition in an ETZ, using the RNA:DNA ratio as a proxy for copepod short-term growth condition. Our results demonstrated that the growth condition of E. affinis under the influence of fairly stable fresh waters was related to the relative abundance of 20:5n3-rich seston, likely associated with freshwater diatoms advected from upstream, despite the low contribution of chl a to total SPM. However, in the most dynamic part of the ETZ (i.e. the frontal mixing zone), evidence of the relationship between E. affinis growth and seston FA composition was impaired by a spatialtemporal decoupling likely associated with zooplankton TVMs and an unmatched time-response of the RNA:DNA ratio in E. affinis to tide-driven environmental variations. This study highlights the limits of using the RNA:DNA ratio as a proxy for copepod growth in a very dynamic and variable environment such as an ETZ. 
